The paper concerns geometrical shaping of shell structures composed of individual shells arranged effectively in space that is in a way similar to properties of a regular, geometrical surface with taking into account straight lines and planes normal to the base surface. The individual segments are made up of unidirectional folded flat sheets transformed into shell shapes. A freedom of transversal width increments of these sheets is assured while transforming, which ensures their possible small effort -such a deformation of a material intended for transferring functional loads but which makes restrictions concerning the shell sheets shapes. These shape restrictions are provoked by the strictly determined stiffness characteristics of the shell sheets and cause of the edge or discontinuous areas between adjacent shellssegments in the shell structure. The method of delimiting great diversity of effective, compound shell forms whose general shapes are close to regular, geometrical surfaces characterized by any sign of the Gaussian curvature is presented. Innovation of the way also consists in integration of the form of a whole building object (walls and shell roof). It is achieved by division of the elevation walls into flat areas contained in planes close to planes normal to the base surface as accurate as possible. The segment's directrices are also contained in these planes. The presented issues are the ground for elaborating a method of shaping of the light gauge steel shell structures and their further integration with whole building objects.
Shell structures made of freely deformed flat folded sheets
The paper focuses on a geometrical way of arranging individual light gauge shells in the three-dimensional space compatible with any kind of a base surface to get a compound shell [1, 2] , which is said to be a shell structure. The individual shells of the compound shell are called stripes or segments.
To obtain a general form of the shell structure, we should accepted the regular base surface [3] . The models of two shell structures based on a base plane and a base ellipsoid are depicted in Figs. 1, 2. The segments are made up of flat unidirectional folded sheets connected one to another by their longitudinal edges and transformed to spatial shapes as a result of assembling them to shell directrices [4] . While transforming, a freedom of transversal width increments of each fold is assured to get their possible small efford, so the sheets (folds) are undergone initial free deformations called free deformations [5, 6] .
From geometrical and physical properties of the freely deformed flat sheets it results their orthotropy, which causes that the accurate determination of directions and an arrangement of shell fold axes along each shell's directrix is required while creating models of each shell fold characterized by its small effort [6, 7] . Each fold axis stays rectilinear and its neutral surface is also rectilinear while transforming [8] . Thus, a sector of a ruled surface is the model of each shell fold [8, 9] . It exists interdependence between the lengths of two lines supporting the transversal opposite edges of the shell fold and its supporting conditions including curvatures and mutual positions of the segment directrices.
Additionally, from the fact that the freedom of the transversal width increments of all shell folds is assured it results the following restrictions: a) the biggest width of each shell fold is at its crosswise ends, b) the biggest shell fold's contraction is in the half of its lengths, c) the neutral surface of each shell fold is the central sector of a ruled surface so that its line of striction passes through the middle on the fold length [6, 8] .
From the above restrictions of the shell fold shape it results the fact that they appear rectilinear / curvilinear edges or flat / shell areas between every pair of the adjacent segments of the shell structure disturbing smoothness or continuity of the structure [5, 6] .
Basic assumptions for shaping shell structures
A geometrical model of each individual shell segment is fixed by means of its two directrices. The equations of these directrices in the same coordinate system are necessary to calculate the crosswise increments of the folds widths, the arrangement of points of assembling the folds ends along these directrices, and the arrangement of rulings modeling fold's axes in accurate way. This edge model is formed with a finite number of the rulings of a ruled surface  [6, 7] .
With respect to the restrictions referring to the shape changes of the folds while assembling them to the shell directrices it was decided that the activities provided by the method algorithm have to be done in two essential stages.
The first stage is produced by the action leading to creating a polyhedral structure called a controlling structure whose planes separate the individual segments of the shell structure from each other. The controlling structure delimits "cells" in the space, in which the segments satisfying the restrictions connected to the unidirectional folded sheeting are created.
The base ellipsoid enables us to delimit a controlling structure (see Fig. 3 ). The way recommends the effective covering of the base surface by segments so that the side edges and planes of the controlling structure, being sought, would be normal to the base surface  or close to those. Four adjacent planes of the controlling structure form one controlling composition  i,j .
Four proper straight lines n pij normal to the ellipsoid  do not intersect each other and they cannot create the side edges of the controlling composition (see Fig. 3 ). To obtain one "cell", 8 planes determined by straight lines tangent and normal to the base surface at the points P 11 , P 12 , P 21 , P 22 , have to be replaced with the system of four planes  u1 ,  u2 ,  v1 ,  v2 (see Fig. 4 ) from which each one: a) passes through one of the pairs (P 11 , P 12 ), (P 21 , P 22 ), (P 11 , P 21 ), (P 21 , P 22 ), b) is parallel to one from among the edges k u1 , k v1 , k u2 , k v2 common for each pair of the adjacent planes belonging to the above 8 planes normal to .
Thus, the four straight lines and four planes (see Fig. 4 ) being close to planes and planes normal to this ellipsoid form trapezoidal controlling compositions. These straight lines pass through the points of the intersection of the chosen lines t i, w j of curvature on this ellipsoid  (Fig. 3, 4 ).
The lines: a 11 , b 11 , c 11 , d 11 of intersection of two adjacent planes of the same controlling composition are called the side edges but the lines: u 11 , v 11 of intersection of two opposite planes of the same controlling composition are called the axes (Fig. 4) . The faces of the controlling structure intersect the base surface in lines, which divide this surface into quadrilateral areas  i,j arranged regularly on the base surface. In the second stage the segments  i,j of a shell structure are assigned to these areas  i,j . According to the way the corner points of their border line are accepted or calculated on the side edges in proper distances from the base surface. The directrices e i,j , f i,j of each segment  i,j are fixed on two opposite planes of the same controlling composition so that their ends would belong to the side edges as well as the restrictions connected with the material properties of free deformed folded sheets would be satisfied.
To summarize, the main aim of the presented way is to obtain such building objects which are characterized by: a) integrated shapes and position of the segments of their shell structure and walls, b) effective arrangement of the segments by means of the base surface and the straight lines and planes normal to it in chosen points so that the areas of the sectors  i,j would be close to the areas of the segments i,j as accurate as possile.
Shaping of forms of the shell structures with the typical ways
The activities required by the way and leading to form a mode of a shell structure are described below on the example of a base ellipsoid  whose mathematic representation is given by: 
where: a = 24000 mm, b = 18000 mm, c = 11000 mm, x, y, z -variables.
The curves t i and w j and points N i,j (for i, j = 1, 2) resulting from a division of the geometrical surface  into the sectors  i,j by means of two sets of planes parallel to the axis z [10] [11] [12] so that, any plane of one set intersects the planes of the other set at the right angles are determined in the typical solutions ( Fig. 5 ) [2, 13] concerning geometrical forms of the shell structures. Such an action enables us to obtain an orthogonal projection of planar lines of the intersection of this surface by the above planes onto a horizontal plane in the shape of a planar orthogonal networks [12, 14] . Constructions of these lines can be started with fixing the ellipses w 0 and t 0 contained in the planes (y, z) and (x, z) of the local coordinate system of the ellipsoid . The vertex N 0,0 of  was constructed as the point of intersecting of the above lines. The points N 1,0 and N 2,0 were delimited on the line w 0 as well as the points N 0,1 i N 0,2 were fixed on the line t 0 in a constant arrangement equal to R o = 6500 mm.
For the purpose of constructing other points N i,j (for i = 1, 2 and j = 1, 2) there were led two sets of planes { ti } and { wj } passing through the above points and parallel either to the plane (y, z) or to the plane (x, z). The above planes intersect the ellipsoid  in ellipses t i and w j expressed as: 
y, z -variables. as the directrices of the sector  wj (j = 1) of a ruled surface approximating a suitable strip of the ellipsoid . The sector  wj is accepted as the geometrical model of the neutral surface of the shell structure strip  wj . However, the sections N 0,1 N 2,1 and N 0,2 N 2,2 of the ellipses w 1 , w 2 were accepted as the directrices of the sector  w2 of other ruled surface modeling the second strip of the designed shell structure. In addition, arrangements of rulings of two above stripes have to satisfy the structural condition assuring the freedom of the transversal width increments of all shell folds [8] . There were calculated the values of the coordinates of the ruling ends of the above stripes by means of the computer program which was written on the base of the Reichhart's algorithm [6] . The obtained model of one of four symmetrical parts of the shell structure is presented in Fig. 6 . It is composed of two stripes formed by 18 shell sheets and characterized by a relatively big roof area non-performed by folded sheets along the longitudinal border N 2,0 N 2,2 . The author's new way of shaping effective thin-walled shell structures is based on creating polyhedral controlling structures whose edges and sides are either contained in straight lines and planes normal to a base surface or close to these ones.
The main characteristic figure of this way is the fact that the properties of the accepted base surface influence on the controlling structure deciding about a general form of a shell structure. This makes that the presented method is much more intuitive as well as enables us to create the controlling structures as integrated with flat or shell walls and windows of building objects due to a possibility of diversification of shell structures shapes. If we keep the above recommendation, then we will able to shape free, original and real attractive shell structure forms.
Thus, the way recommends us this the constructions which are presented bellow. They are considered on the example of the known base ellipsoid  expressed by (1) . At the beginning, we accept that the gable walls are inclined to the vertical direction, which is similar to the axis z of the local coordinate system of , at the angle different from zero. This inclination is dependent on the directions of the normal straight lines n i,j of  at the before accepted points N i,j of the intersection of the ellipses t i and w j (for i, j = 0, 1, 2), see Fig. 7 . In the part, bellow, it is presented the application of the way in geometrical shaping of the shell structures being characterized by not very complicated geometrical form close to the base ellipsoid .
In the initial stage of the description we will consider the set {n 0,2 , n 1,2 , n 2,2 , n 1,2s , n 2,2s } of five straight lines, from among of which three n 0,2 , n 1,2 , n 2,2 are accepted as the straight lines n i,j normal to  distinguished in previous example and other two straight lines n 1,2s , n 2,2s are lain symmetrically to the lines n 1,2 , n 2,2 towards the plane (x, z).
Such an action results from the fact, that these plane (x, z) is the plane of symmetry of . Using this symmetry we may chose and examine the triad {n 0,2 , n 1,2 , n 2,2 } only in the further constructions. Because this triad is formed by skew straight lines and we want to get a flat gable wall, then we should to fix such a location of a plane  wNsc2 of the gable wall in which the sum of square measures of the angles  ni,j (for i = 0, 1, 2 and j = 2) of the inclination of the straight lines of the set {n 0,2 , n 1,2 , n 2,2 , n 1,2s , n 2,2s } to this plane would be as least as possible in the range of shaping accuracy, which is equal to 0.01 o in the bellow examples.
Using this symmetry, the author assumed that the values of the angles of the inclination of the lines n 1,2 , n 2,2 to the planes  wNsc2 have to be included two times in order to take into consideration the lines n 1,2s , n 2,2s in the operational research process.
The optimization of the inclination of the plane  wNsc2 to the set {n 0,2 , n 1,2 , n 2,2 , n 1,2s , n 2,2s } of straight lines is based on searching for such a position of the point N sc2 on a straight line parallel to the axis x and passing through the point N p0,2 that the above requirement concerning the angles  ni,j is executed. N p0,2 is the end of the section contained in the straight line n 0,2 normal to , see Fig. 8 . The plane  wNsc2 being sought passes through the point N sc2 , N 0,2 as well as it is parallel to the axis y. Its equation is given by:
The obtained results were used to create a geometrical model of a shell structure having oblique gable walls (Fig. 9) . oo . There were used the following denotations:
 t sc2 the parameter defining the distance between the points N sc2 and N p0,2 ,
-the angles of the inclination between the straight lines of the set {n 0,2 , n 1,2 , n 2,2 , n 1,2s , n 2,2s } and the plane  wNsc2 ,  S Min -the minimized sum of the square measures of the above angles. The coordinates of the used points N p0,2 , N sc2 found while the operative process are presented in Tab. 5, 6. The point N p0,2 belongs to straight lines n 0,2 and its distance from the point N 0,2 is equal to 5000.0 m. As the result of the above operative research process, the following values of the coefficients of the plane  wNsc2 were obtained: A wj = 100.000 mm, B wj = 0.000 mm, C wj = -33.1967 mm, D wj = 24000 mm.
In the next stage of the way's description, we will only consider the triad of the straight lines {n 0,2 , n 1,2 , n 2,2 } normal to . From the before example we know that the above straight lines are skew. Now, we are going to get a gable wall, which is symmetrical toward the plane (x, z), so it is composed of two symmetrical parts so that each of these parts would be flat. The points are going to have an rectilinear shared edge contained in the plane (x, z) (see Fig. 10 ). In such a way we want to adopt the position of two planes of the folded gable wall to the above normal lines more precisely. Thus, the inclination of each of these two parts of the gable wall should be more accurate closer to direction of the proper triad {n 0,2 , n 1,2 , n 2,2 } or {n 0,2 , n 1,2s , n 2,2s } of straight lines than it was in previous example using one planar gable wall. Therefore, the inclination of the plane of the gable wall is optimized in the first, basic stage of the activities leading to delimiting the above two symmetrical parts. However, in the second stage the location of this plane toward the points N 0,2 , N 1,2 , N 2,2 is optimized.
The above two stages were made independently. There were not used Thus, the optimization for two parameters: the inclination and the location of  wNsc2
at the same time was not executed due to the greater significance of the inclination than the position as well as there are no circumstances to accept the suitable quotient of inclination and position weights.
The components of the normal vector to the plane  wNpp2 are sought, so that, the sum of the square measures of the angles  ni,j of the inclination of the straight lines n 0,2 , n 1,2 , n 2,2 to this plane would be as small as possible in the range of the accepted accuracy being equal to 0. The obtained results have been used to create a geometrical model of a shell structure being characterized by two oblique flat parts of the same gable wall (see Fig. 11 ) divided by the shared edge contained in the plane (x, z) and passing through the point N 0,2 . We use the same notation as in previous example. Additionally, t pp2 is the coefficient of the division of the section N p0,2 N p2,2 by the point N pp2 .
The coordinates of the points N pp2 , N p2,2 are presented in Tab. 6. The values of the parameters used in the additional operative research process consisting in searching for the distance of the plane  wNpp2 from the points We can use an analogous way if we need find the optimal inclination of the planes  w0 ,  w1 to the other triad {n 0,j , n 1,j , n 2,j }, where: j = 1, 2, 3, of straight lines normal to .
Regular patterns on the shell structures resulting from occurring the edges or areas of discontinuity between adjacent shell segments disturb smoothness or discontinuity of the shell structure. The shell structures can assume very attractive general forms and let us adopt designed objects to environmental conditions and functional requirements owing to these patterns. Similarly, the complication degree of the framework's shape increases [3, 15] .
Conclusions
The presented way of geometrical shaping of the thin-walled steel shell structures lets us to obtain innovative shell forms similar to a initially accepted geometrical surfaces characterized by any sign of the Gaussian curvature, in spite of the restrictions connected with the shape changes of the flat folded sheets into shell forms while assembling to the directrices. These restrictions limits forms of the individual shells (segments) to sectors of the ruled surfaces characterized by the non-positive Gaussian curvature. The value of the shell curvature is dependent on the physical properties of the shell folds including their stiffness.
The rectilinear or curvilinear edges or flat areas between consecutive segments are specific characteristics of such structures because of the restrictions related with shape changes of the freely transformed sheets.
The integration of the components (flat walls, roof, shells and their edges) of a designed object as well as the effective covering the basic surface area with segments are the main advantage of the method.
If we want to obtain a controlling structure whose edges and faces are more and more close to straight lines and planes normal to the base ellipsoid, then we will have to create more and more locally extended forms of a shell structure as well as the whole building object including flat, elevation walls, windows.
